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Abstract 

The pion form factor at very large is obtained by using a new pion wave function. 
It shows that when >> (l.SGeF)^ the pion form factor reaches the asymptotic hmit 
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Pion form factor is a very important quantity in hadron physics. The current matrix 
element of pion is written as 

< 7r+|j;,(0)|7r+ >= j d'^k2 j d'^kiTr{(p^{ki,pf)TH{ki,k2,Pf,Pi)^,(p-n{k2,Pi)} = F^{Q'^)P^, 

(1) 

where 0^ is the wave function of pion, /ci,/c2 are internal momenta of pion, p^ and pf are 
the momenta of initial and final pion respectively, Th is the kernel of the matrix element, 
— {Pf ~ PiY-i Pn — {Pf + Pi)n- In Refs.[l] the pion form factor at large momentum 
transfer has been studied by perturbative QCD. The perturbative QCD predicts that one 
gluon exchange dominates Th and at large 

FAQ'} ~ (2) 

Using a set of pion wave function, in Refs.[l] it is obtained 

F^iQ') 4na,{Q')f^/Q\ (3) 

where the pion decay constant — O-lSGGey is taken. 

It is known that the wave function of pion is determined by nonperturbative QCD [2]. 
As a matter of fact, in Ref.[3] three different wave functions are chosen to calculate F.^iQ'^). 
Another wave function of pion is discussed in Ref.[4]. In this short note a new wave function 
of pion is introduced to calculate at large . Eq.(2) is valid at large Q^. The range 
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of Ft^^Q"^) in which the behavior(2) is vahd is another issue. We try to find the range in this 
note. 

A proper wave function of pion determined by nonperturbative QCD should at least 
satisfy two criteria: determining the pion decay constant and the form factor at lower Q"^ 
in both space-like and time-like regions. Nonperturbative QCD is not solved analytically. It 
is well known that current algebra is successful in studying hadron physics at lower energies. 
The vector and axial-vector currents are constructed by quark fields. Chiral symmetry is one 
of the features of QCD. Therefore, current algebra has close relation with nonperturbative 
QCD. In Ref.[5] based on current algebra and chiral symmetry an effective chiral Lagrangian 
of pseudoscalar, vector, and axial-vector mesons is constructed as 

C — il!{x){ij ■ d + J ■ V + J ■ 075 — 'mu{x))ilj{x) — ip{x)Mil!{x) 

+lml{ptp^i + uj^u;^ + afa^i + f^f^) (4) 

where = Tia^^ + f^, = Tip^^ + uj^, u = exp{i'~^^{TiTii + ^7)}, and M is the matrix of 
current quark masses, m is the constituent quark mass and it originates in quark conden- 
sation. Therefore, this theory has dynamical chiral symmetry breaking. Integrating out the 
quark fields, the Lagrangian of mesons is obtained. The tree diagrams are at leading order 
in Nc expansion and loop diagrams of mesons are at higher order. It is known that quark 
condensation and Nc expansion are from nonperturbative QCD. Therefore, the effects of 
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nonperturbative QCD are embedded in the Lagrangian(4). Meson physics has been exten- 
sively studied by this Lagrangian. Theory agrees with data very well. Details can be found 
in Ref.[5]. By normalizing the kinetic term of pion to |5^7r*9ju7r*, the pion decay constant is 
defined 

f.-F\^-j), (5) 



where 

D f^^t (6) 
16 (47r)2 4y (A;2 + m2)2' 

k is in Euclidean space. In this theory the pion fields have two sources: u — exp{i^^T:} ~ 
1 + i757r + ... and the shifting — > a^{physical) — ^d^n. The shifting is caused by the 
mixing term a^(?^7r*. c is determined to be 



and g is obtained from normalizing the kinetic term of the vector fields and determined to 
be 0.39 by fitting the decay rate of p — > ee+. After normahzation the pion field of Eq.(4) 
is redefined as J-tt. Combining these two sources together, the vertex related to pion is 

obtained as 

_ 2im T .C7 ■ (9. , 

fn 9 m 

where the differential operator only acts on pion field. It is worth to mention that the second 
term of Eq.(8) is very important in understanding the meson physics related to pion[5]. Pion 



form factor is derived [6] 



2\\2 _ f2 („2\ '"P ' 



>"1 + tW) 



f^M') = l + ^[(l-7)'-4^V]. (9) 
The radius of charged pion is obtained from Eq.(9) 

< >.= A + - - 4^'^'}- (10) 

m; Ti^fl g 

The second term of Eq.(lO) is the new result obtained from this theory [5] and it makes 
significant contribution to < >t^. Both the form factor and the radius agree with data 
very well. In Refs.[6] the vertices are derived up to the 4*'' order in derivative and the 
agreement between the theory and the experiments in both space-like and time-like regions 
up to ~ {1.2GeVy. In Eqs.(9,10) the terms obtained from the shifting of field plays 
an essential role. Without these terms theoretical results do not fit the data. 
Using the vertex(8), the wave function of pion is derived as 

<P{z,p) = < 0| W|)^(-|)}|7r(p) > 



/ ^^^7r2 2n7I V2 ■ ^ + "^)75(1 + -^)(7 -k-^-p +m) 

J [k^ — m^][k — v) — m^] a m 



/tt (27r)^ i {k^ — m^){k — py — m'^) g m 

As mentioned above, /^r is defined by normalizing the kinetic term of pion fields. On the 
other hand, /^r can be derived by the pion wave function(ll) 

Tr0(O,p)7^75 = -^AP;,. (12) 



Substituting Eq.(ll) into Eq.(12), Eq.(5) is revealed. In the study of pion form factor(9) 
the Vector Meson Dominance(VMD) is used. The VMD is a natural result of Eq.(4)[5]. It 
is equivalent to reexpress F^((5^) done in Refs.[6] by pion wave function(ll). Therefore, the 
pion wave function obtained from Eq.(ll) passes the two tests: determinations of and 
FniQ^) at lower values of Q^. 

At large perturbative QCD is working[l]. Using the pion wave function(ll) and Th 
with one gluon exchange as given in Res.[l], the matrix element of current of pion(l) is 
written as 

< 7r+|j,|7r+ >= %-Trr\^gl [ d%d% 

Jtt ^ 

where (p^^ik^p) is the pion wave function in momentum space, k is the internal momentum 

and p is the momentum of the pion, 

1 1 c ^ • Pf 

MkuPf) = (^2 _ _ _ [7 • (fei - Pf) + - -^)(7 • + m), 

Mk2,P.) = (^2 _ _ (7 • ^2 + m)75(l + ^^)[7 • {k2 - P.) + 4U) 

In Ref.[5] the universal coupling constant g is defined as 

.2_2 iVc r 1 



^ ' 3{A7irJ "^^{k^ + m^y ^^^^ 
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The integral is in Euclidean space. As mentioned above g takes finite value, therefore, a cut- 
off A of the integral has to be introduced and is determined by the value of g as A = l.SGeV. 
For » {l.SGeV)^ Eq.(13) is rewritten as 

< 7r+|i^|7r+ >= ^TrX'^X'^g^l^ J d%d% 

+Tr'y^(p^{ki,pf )'y^'y ■ {k2 + Pf - Pi)'yi^(l>T,{k2,Pi)}, (16) 



The pion form factor at >> {l.SGeVy is obtained 
The numerical result is 



F,(g2) ^ 2.65 X 10-247ra,(g2)/2_. (ig) 

In summary, a new wave function of pion which is successful in obtaining and the 
pion form factor at lower is used to calculate the pion form factor at very large Q^. The 
Ftt{Q'^) obtained in this short note is much smaller than the one presented in Refs.[l]. The 
Eq.(17) is valid in the range Q'^ » {l.SGeVf. 
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